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(57) ABSTRACT 

A device for collecting alveolar breath. Breath is expired 
into the inlet of a holloW body. The holloW body has tWo 
outlets, With a valve disposed in each outlet. The concen 
tration of a speci?c gaseous component of expired breath is 
monitored by a gas concentration monitor as the expired 
breath passes through the holloW body to determine When 
alveolar breath is present in the holloW body. When alveolar 
breath is present in the holloW body, the valve in the second 
outlet is actuated to an open position to collect the alveolar 
breath in the collection reservoir af?xed to the holloW body 
at the second outlet. 
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ALVEOLAR BREATH COLLECTION DEVICE AND 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The ?eld of the present invention is devices and 
methods relating to the collection of alveolar breath. 

[0003] 2. Background 

[0004] Most human adults have a lung capacity of 
approximately 5-6 liters. Of this capacity, approximately 
only 0.3 liters is involved With the exchange of gases 
betWeen blood and breath Which takes place in the alveoli. 
Within this 0.3 liters, called the alveolar breath, oxygen and 
carbon dioxide rapidly diffuse across the epithelial mem 
brane separating blood from breath due to concentration 
gradients existing betWeen the blood and breath. As a result, 
the concentration of many gaseous constituents in the alveo 
lar breath closely re?ect the partial pressure of the same 
constituents in blood or re?ect the presence of surrogates in 
blood from Which the gas is derived. 

[0005] Also present in alveolar breath are trace concen 
trations of molecules Which are small enough to diffuse 
through the epithelial membrane. Some of these molecules 
have been shoWn to be indicative of disorders such as 
diabetes, lung cancer, renal failure, and asthma. Further 
more, depending on the severity of the disorder, such 
molecules may be present in alveolar breath in the parts per 
billion range (ppb) or in the parts per trillion range (ppt). 
Measurement of these trace components is therefore desir 
able for the early diagnosis of these disorders. 

[0006] HoWever, consistently collecting undiluted alveo 
lar breath samples has proven to be a difficult task. During 
respiration, of the six liter total lung capacity, only 0.5 liters 
(called the tidal volume) is exchanged With the ambient 
atmosphere. HoWever, this 0.5 liters is not the only con 
stituent of a normally expired breath. The ?rst part of 
expired breath consists essentially of air disposed in the 
mouth, nose, and upper respiratory tract. The next part of 
expired breath consists essentially of air from the bronchi 
and loWer respiratory tract. Neither of these ?rst tWo parts of 
expired breath exchange gases With blood. Therefore, the 
concentration of a particular gas in either of these tWo parts 
does not necessarily re?ect blood content of that gas. The 
third and last part of expired breath consists essentially of 
alveolar breath. 

[0007] Many devices exist in the prior art to collect 
alveolar breath samples. HoWever, such devices tend to rely 
upon various different assumptions about breathing patterns 
to collect the alveolar breath sample. Unfortunately, these 
assumptions may lead to the collection alveolar breath 
samples Which are diluted or the collection of breath 
samples Which do not contain any alveolar breath. 

[0008] For example, the device disclosed in US. Pat. No. 
3,858,573 relies on the volume of a gas trap reservoir and the 
air pressure of an expired breath to capture an alveolar 
breath sample. The ’573 device consists of a gas trap 
reservoir having pressure sensitive valves enclosing each 
end, one acting as an inlet and the other acting as an outlet. 
Breath is expired through the inlet valve, With the pressure 
of the expired breath displacing any gas or breath inside the 
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gas trap reservoir and forcing it through the outlet valve. 
This gas displacement continues until the breath is com 
pletely expired. Alveolar breath, being the last part of the 
expired breath, is trapped in the reservoir. The ’573 device 
and others like it rely on the assumption that alveolar breath 
is alWays expired. HoWever, if the full tidal volume of breath 
is not expired, then alveolar breath either is never expired or 
is only partially expired. Thus, at times a partial alveolar 
breath sample is collected, such a partial sample being 
diluted With non-alveolar breath, or no alveolar breath is 
collected because none Was actually expired. US. Pat. No. 
5,211,181 discloses a device Which is different from the ’573 
device, but relies on the same assumptions about expired 
breath to collect an alveolar breath sample. 

[0009] Another device for collecting an alveolar breath 
sample is disclosed in US. Pat. No. 5,361,772. This device 
consists of a small collection chamber With caps on each 
open end that are manually actuated to close the openings 
and trap an alveolar breath sample. The ’772 device relies on 
the small siZe of the chamber and the displacement of breath 
as it is expired through the chamber to trap alveolar breath. 
HoWever, in many instances the ’772 device may be unde 
sirable because it requires manual actuation to trap the 
alveolar breath sample. Therefore, the individual actuating 
the device, Who may be different from the individual exhal 
ing into the device, must necessarily guess as to When the 
expired breath consists of alveolar breath. The result of such 
a required method of operation is that an undiluted alveolar 
breath sample may not alWays be trapped in the collection 
chamber. 

[0010] Yet another device used to collect an alveolar 
breath sample is disclosed in US. Pat. No. 4,297,871. This 
device monitors the ?oW rate of expired breath as it passes 
through part of the device. When the ?oW rate drops beloW 
speci?ed threshold, the alveolar breath sample is draWn into 
a reservoir for analysis. The ’871 device operates on the 
assumption that When the ?oW rate of an expired breath 
drops beloW a prede?ned value, alveolar breath is present to 
be collected. Such an assumption, hoWever, does not take 
into account normal variations in breathing patterns. For 
example, if breathing is stopped midWay through an exhale, 
the device Will sense a decrease in air ?oW and collect a 
breath sample. Under these circumstances, the breath sample 
collected Will likely consist of either diluted alveolar breath 
or non-alveolar breath. 

[0011] Thus, because of shortcomings in the prior art 
devices, an improved alveolar breath collection device is 
needed Which can repeatedly and reliably collect an undi 
luted alveolar breath sample every time alveolar breath is 
expired. Such a device should be capable of adapting to the 
breathing patterns among different individuals and the 
breathing patterns of a single individual over the period of 
several breaths. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to a device and 
method for collecting alveolar breath. The alveolar collec 
tion device comprises a holloW body having an inlet and tWo 
outlets. A ?rst valve is disposed in the ?rst outlet and a 
second valve is disposed in the second outlet. A collection 
reservoir is af?xed to the holloW at the second outlet. A gas 
concentration monitor is operatively af?xed to the holloW 
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body to monitor the concentration of a speci?c gaseous 
component in expired breath passing through the hollow 
body. When the concentration of the speci?c gaseous com 
ponent indicates that alveolar breath is present in the holloW 
body, the monitor actuates the second valve to an open 
position. 

[0013] In practicing the method of this invention, expired 
breath is passed into the holloW body through the inlet and 
out of the holloW body through the ?rst valve disposed in the 
?rst outlet. The concentration level of a speci?c gaseous 
component is monitored as the expired breath passes 
through the holloW body to determine When alveolar breath 
is present in the holloW body. When alveolar breath is 
present in the holloW body, the second valve, Which is 
disposed in the second outlet, is actuated to divert the 
alveolar breath out of the holloW body and into a collection 
reservoir. 

[0014] Thus, in a ?rst separate aspect of the present 
invention, the alveolar collection device comprises a holloW 
body having an inlet, a ?rst outlet With a ?rst valve disposed 
therein, and a second outlet With a second valve disposed 
therein. A collection reservoir is af?xed to the holloW body 
at the second outlet. A gas concentration monitor is opera 
tively af?xed to the holloW body to monitor the concentra 
tion of a speci?c gaseous component of expired breath. 
When the concentration of the speci?c gaseous component 
indicates that alveolar breath is present in the holloW body, 
the monitor actuates the third valve to an open position, thus 
collecting the alveolar breath in the collection reservoir. 

[0015] In a second separate aspect of the present inven 
tion, the monitor compares the concentration of the speci?c 
gaseous component to a predetermined threshold concen 
tration to determine When alveolar breath is present in the 
holloW body 

[0016] In a third separate aspect of the present invention, 
the ?rst valve comprises a one-Way pressure sensitive valve. 

[0017] In a fourth separate aspect of the present invention, 
the second valve is biased in the closed position. 

[0018] In a ?fth separate aspect of the present invention, 
heating elements are disposed on one or more surfaces of the 
holloW body to prevent the condensation of the expired 
breath passing through the holloW body. 

[0019] In a sixth separate aspect of the present invention, 
a third valve is disposed in the inlet, the third valve being a 
one-Way pressure sensitive valve. 

[0020] In a seventh separate aspect of the present inven 
tion, the collection reservoir is detachably af?xed to the 
holloW body. 

[0021] In an eighth separate aspect of the present inven 
tion, any of the foregoing aspects may be employed in 
combination. 

[0022] Accordingly, it is an object of the present invention 
to provide an improved apparatus and method for collecting 
an alveolar breath sample. Other objects and advantages Will 
appear hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] In the draWings, Wherein like reference numerals 
refer to similar components: 

[0024] FIG. 1 is a side sectional vieW of an alveolar breath 
collector in accordance With the preferred embodiment; 
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[0025] FIG. 2 is a top vieW of the alveolar breath collector 
of FIG. 1; 

[0026] FIG. 3 is a logic diagram shoWing the operational 
process of the logic processor in conjunction With the gas 
concentration monitor; 

[0027] FIG. 4 is a graphical approximation of the carbon 
dioxide content in expired breath over time; and 

[0028] FIG. 5 is a side vieW of an alveolar breath collector 
in accordance With an alternative embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] Turning in detail to the draWings, FIG. 1 illustrates 
an alveolar breath collector according to the preferred 
embodiment of the invention. A holloW body 11 has an inlet 
13 and tWo outlets 15, 17. The material from Which the 
holloW body 11 is constructed is preferably one Which is 
inert to and Will not absorb or adsorb the molecules in 
expired breath passing through it. Te?on® PFA and quartZ 
are examples of materials having such qualities. 

[0030] A ?rst valve 23 is disposed in the ?rst outlet 15, a 
second valve 25 is disposed in the second outlet 25, and a 
third valve 21 is disposed in the inlet 13. A sampling 
chamber 33 is thus formed in the interior volume of the 
holloW body, the sampling chamber 33 being de?ned by the 
?rst, second, and third valves. Alveolar breath is detected 
Within and collected from the sampling chamber 33. In order 
to enable the collection of an undiluted alveolar breath 
sample, the collector is constructed so that the sampling 
chamber 33 has a volume that is less than the volume of 
alveolar breath expired by an average adult individual. 
Preferably, the volume of the sampling chamber 33 is 
approximately 150 ml. The collector may also be con 
structed so that the volume of the sampling chamber 33 is 
less than the volume of alveolar breath expired by children, 
including infants. 

[0031] The presence of dead space in the sampling cham 
ber 33, or space in Which little or no air ?oW occurs When 
expired breath passes through the collector, can contribute to 
dilution of a collected alveolar breath sample. Additionally, 
any cavity integrally connected to the sampling chamber 33 
may also create undesirable dead space. Dead space, hoW 
ever, may be reduced through design implementations, some 
of Which are incorporated into the collector illustrated in 
FIG. 1. One design implementation is the inclusion of the 
third valve at the inlet. This third valve 25 divides the space 
betWeen the sampling chamber 33 and the mouth of the 
individual breathing into the collector. Without the third 
valve 25 in the inlet, the mouth of the individual expiring 
through the collector becomes an extension of the sampling 
chamber 33, effectively increasing the volume of the sam 
pling chamber 33. HoWever, by including the oral cavity is 
included as part of the sampling chamber 33, more dead 
space may be introduced to the system. 

[0032] Another design implementation is the placement of 
the ?rst valve 21 near the second outlet 17. By placing the 
?rst valve 21 thusly, potential dead space betWeen the 
second outlet 17 and the ?rst outlet 15 is eliminated When 
collecting the alveolar breath sample through the second 
outlet 17. Additionally, the second valve 23 is placed near 
the interior opening of the second outlet 17 to reduce dead 



US 2003/0050567 A1 

space When breath is exiting the hollow body 11 through the 
?rst outlet 15. Yet another design implementation is to 
construct the interior Walls of the hollow body so that they 
are relatively smooth, as doing so avoids creating many 
small pockets of dead space. Other design implementations 
Which decrease dead space in the collector may become 
apparent to those skilled in the art as the collector is used in 
practice. 
[0033] The ?rst and third valves 21, 25 are preferably 
one-Way, non-rebreathing check valves Which are sensitive 
to loW pressure differentials, such valves being readily 
available through commercial sources, such as Harvard 
Apparatus of Holliston, Mass. Preferably, the ?rst and third 
valves 21, 25 Will open With pressure differentials of less 
than approximately 10 mm Hg, and more preferably less 
than approximately 5 mm Hg, and even more preferably less 
than approximately 1 mm Hg. Additionally, the ?rst and 
third valves 21, 25 are preferably not gravity dependent and 
have excellent elastic memory to avoid deformation over 
time. The ?rst valve 21 may optionally be a non-pressure 
sensitive valve that is actuated to a closed position When an 
alveolar breath sample is collected and maintained in an 
open position at all other times. 

[0034] The second valve 23 is preferably biased in the 
closed position so that expired breath passes through the 
second outlet 17 only When the second valve 23 is actuated 
to an open position. Alternatively, the second valve 23 may 
be maintained in a closed position until it is actuated to an 
open position. 

[0035] A mouthpiece 19 is af?xed to the holloW body 11 
at the inlet 13. The mouthpiece 19 is large enough to cover 
an individual’s mouth and preferably constructed of a pliant 
material, thus alloWing it to form ?t to the face. The 
mouthpiece 19 may optionally be constructed to cover an 
individual’s mouth and nose, or just an individual’s nose. 
The mouthpiece 19 is removable to alloW for easy cleaning 
and to alloW different siZes to be used With the collector. 
Additionally, having a removable mouthpiece permits the 
collector to be attached to and used in conjunction With 
arti?cial breathing or breathing assistance apparatuses. 

[0036] Heating elements 31 are integrated into the side 
Walls of the holloW body 11 to heat the holloW body 11 and 
prevent expired breath from condensing on it’s interior 
Walls. Without the heating elements, the holloW body 11 
may be much cooler than the expired breath, leading to the 
condensation of the Water content in expired breath on the 
holloW body 11. Once the Water content begins to condense, 
other molecules in the expired breath may be dissolved into 
the condensate. Any subsequent analysis of a collected 
alveolar breath sample, therefore, Will not re?ect the actual 
content of the expired breath because of the constituents left 
behind in the condensate. 

[0037] A gas concentration monitor 29 is operatively 
af?xed to the holloW body 11 to monitor the concentration 
of a speci?c gaseous component of expired breath as the 
expired breath passes through the sampling chamber 33. In 
FIG. 2, the gas concentration monitor 29 is shoWn disposed 
partially Within the sampling chamber 33. HoWever, the 
monitor may be disposed Wholly Within or Without the 
sampling chamber 33 so long as its positioning does not 
impede its monitoring function. Additionally, the gas con 
centration monitor 29 may comprise any detector knoWn to 
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those skilled in the art Which enables the a concentration 
measurement of a gaseous component. For example, an 
infrared lamp detector may be used or a detector employing 
an infrared laser, such as the detectors disclosed in US. 
patent application Ser. No. 09/812,067, ?led on Mar. 19, 
2001, the disclosure of Which is incorporated herein by 
reference. The gas concentration monitor 29 is in commu 
nication With the second valve 23 such that the monitor 29, 
may actuate the second valve 23 to an open position. The 
process by Which the monitor 29 actuates the second valve 
23 is further described beloW. 

[0038] A collection reservoir 27 is affixed to the holloW 
body 11 at the second outlet 17 so that When the second 
valve 23 is actuated to an open position, the interior of the 
reservoir 27 is in communication With the sampling chamber 
33. An analysis chamber 51, a valve 53, and a vacuum pump 
55 are sequentially communicably connected to the reservoir 
27. The vacuum pump 55 and the valve 53 are used to 
maintain the pressure in the reservoir 27 at less than atmo 
spheric pressure. Preferably, the reservoir 27 is maintained 
at approximately tWo-thirds of an atmosphere. By maintain 
ing a pressure differential betWeen the sampling chamber 33 
and the reservoir 27, alveolar breath is draWn out of the 
sampling chamber 33 and into the reservoir 27 When the 
second valve 23 is opened. The pressure differential also 
serves to draW the alveolar breath from the reservoir 27 and 
into the analysis chamber 51 Where it may be analyZed for 
diagnostic purposes. 

[0039] A dynamic analysis system is established by using 
the vacuum pump 55 to draW the alveolar breath sample 
from the sampling chamber 33, through the collection res 
ervoir, and into the analysis chamber 51. Depending upon 
the analysis being performed on the alveolar breath sample, 
a dynamic system may be preferred over a static analysis 
system, such as is described beloW in association With FIG. 
5. In a dynamic system the alveolar breath sample is kept in 
constant motion by the vacuum pump 55, leaving the 
molecules in the sample With little opportunity to adhere to 
surfaces. In a static system, the lack of motion alloWs 
molecules in the sample, such as ammonia, the opportunity 
to adhere to surfaces, and molecules Which have adhered to 
surfaces may avoid the analysis process if the process is 
focused solely on the gaseous portion of the sample. 

[0040] In operation, breath is expired into the collector 
and the concentration of the speci?ed component in the 
expired breath is monitored. In the folloWing example, the 
gas concentration monitor 29 comprises an infrared lamp 
detector. As illustrated in FIG. 2, the infrared lamp detector 
comprises an infrared lamp 35, a Wavelength selector 37, 
and a light detector 39. Light from the infrared lamp is 
directed through the Wavelength selector 37, into the sam 
pling chamber 33, and toWards the light detector 39 Which 
measures the poWer of the light. The Wavelength selector is 
chosen to pass only a predetermined Wavelength Which 
corresponds to an absorption peak of the speci?ed compo 
nent. 

[0041] The light detector 39 periodically measures the 
poWer of the light as the expired breath passes through the 
sampling chamber 33. The sampling rate of the detector 39 
may be adjusted to achieve the desired sensitivity of the gas 
concentration monitor 29. Preferably, the poWer of the light 
is sampled approximately once every one-tenth of a second. 
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Alternatively, the sampling rate may be made dependent on 
the breathing rate of the individual breathing into the col 
lector. For example, during a ?rst expiration into the col 
lector, the individual’s breathing rate, based on a single 
exhale and inhale, is measured. Thereafter, for each subse 
quent breath the sampling rate is a predetermined fraction of 
the measured breath rate. Additionally, the breath rate of 
each subsequent breath may be continually monitored, thus 
alloWing the sampling rate to be adjusted for each breath. In 
this manner, the collector may adapt over time to the 
breathing patterns of an individual. 

[0042] The poWer of the light measured at the detector is 
converted into a concentration measurement by the logic 
processor 41 component of the gas concentration monitor 
29. In FIG. 2, the logic processor 41 is shoWn as a separate 
component. HoWever, the logic processor 41 may be inte 
grated With the other components of the gas concentration 
monitor 29. Converting the poWer measurement into a 
concentration of the speci?ed component requires initialiZ 
ing the logic processor 41 by taking poWer measurements 
When the sampling chamber does not contain expired breath 
and When the sampling chamber contains a knoWn concen 
tration of the speci?ed component. Once the logic processor 
41 is initialiZed, the concentration of the speci?ed compo 
nent in expired breath is determined according to the fol 
loWing equation: 

. P0 — P1 
Concentration : constant>l< P—, 

0 

[0043] Where PO is the poWer measurement When the 
sampling chamber does not contain expired breath and P1 is 
the poWer measurement When expired breath is passing 
through the sampling chamber. The constant term is deter 
mined by using the poWer measurement from the knoWn 
concentration and solving for the constant. 

[0044] FIG. 3 is a logic diagram representing the process 
performed by the gas concentration monitor 29 during 
operation. As breath is expired through the collector, the 
concentration of the speci?ed gaseous component is moni 
tored by the process previously described. For each sample 
taken by the light detector 39, the logic processor 41 
determines a present value for the concentration of the 
speci?ed component. 

[0045] FIG. 4 graphically represents an approximation of 
the concentration of carbon dioxide in expired breath over 
time. Alveolar breath is approximately represented in FIG. 
4 at the points Where the concentration level passes above 
the threshold represented by the dashed line. This threshold 
betWeen non-alveolar breath and alveolar breath is likely to 
vary from person to person, but it is approximately in the 
range of carbon dioxide concentrations amounting to 3.5% 
5.5% of the expired breath and can be set at an appropriate 
level for different individuals. 

[0046] The logic processor 41 compares the present value 
of the concentration to the predetermined threshold to deter 
mine if alveolar breath is present in the holloW body 11. 
When alveolar breath is present, the gas concentration 
monitor actuates the second valve to an open position. 
Conversely, When alveolar breath is no longer present, the 
second valve is actuated to a closed position. 
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[0047] When carbon dioxide is being monitored, alveolar 
breath is present in the sampling chamber 33 When the 
concentration of carbon dioxide becomes greater than the 
threshold andalveolar breath is no longer present When the 
carbon dioxide concentration drops back beloW the thresh 
old. If the speci?ed component is Water vapor, then the same 
Would hold true because Water vapor in expired breath has 
a concentration curve Which is similar to carbon dioxide. 
HoWever, the concentration curve for oxygen in expired 
breath is roughly the inverse of the carbon dioxide concen 
tration curve. Therefore, When the concentration of oxygen 
drops beloW the threshold, alveolar breath is present, and 
When the concentration of oxygen rises above the threshold 
alveolar breath is no longer present. 

[0048] Once the monitor determines Whether alveolar 
breath is present, the logic processor 41 actuates the second 
valve 23 appropriately. For example, as elevated levels of 
carbon dioxide are detected above the threshold, the second 
valve is opened and alveolar breath is draWn into the 
collection chamber. After the concentration drops beloW the 
threshold level, the second valve is closed. The process may 
be repeated for successive breaths. 

[0049] FIG. 5 illustrates an alveolar breath collector hav 
ing a static collection reservoir. The collection reservoir in 
FIG. 5 comprises a specimen bag 45 af?xed to the second 
outlet 17. The specimen bag 45 is enclosed in a sealed 
vacuum chamber 57 Which is maintained at less than atmo 
spheric pressure by the vacuum pump 55. Therefore, When 
the gas concentration monitor 29 actuates the second valve 
to an open position, the alveolar breath in the sampling 
chamber 33 is draWn into the specimen bag 45 by the 
pressure differential. Once the alveolar breath sample is 
collected, it may be transported in the specimen bag to the 
appropriate analysis equipment. 
[0050] Additionally, by con?guring the gas concentration 
monitor in this manner, the concentrations of different 
molecules in expired breath may be used as a markers for the 
presence of alveolar breath. 

[0051] Thus, an alveolar breath collection device and 
method are disclosed. While embodiments of this invention 
have been shoWn and described, it Would be apparent to 
those skilled in the art that many more modi?cations are 
possible Without departing from the inventive concepts 
herein. The invention, therefore, is not to be restricted except 
in the spirit of the folloWing claims. 

What is claimed is: 
1. A device for collecting alveolar breath comprising: 

a holloW body having an inlet, a ?rst outlet, and a second 
outlet, Wherein a ?rst valve is disposed in the ?rst outlet 
and a second valve is disposed in the second outlet; 

a collection reservoir af?xed to the holloW body at the 
second outlet; 

a gas concentration monitor operatively connected to the 
holloW body to monitor a concentration of a speci?c 
gaseous component of expired breath and determine 
When alveolar breath is present in the holloW body 
based upon the concentration of the speci?c gaseous 
component, Wherein the monitor actuates the second 
valve to an open position When alveolar breath is 
present in the holloW body. 
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2. The device of claim 1, wherein the gas concentration 
monitor compares the concentration of the speci?c gaseous 
component to a predetermined threshold concentration to 
determine When alveolar breath is present in the holloW 
body. 

3. The device of claim 1, Wherein the ?rst valve comprises 
a one-Way pressure sensitive valve. 

4. The device of claim 1, Wherein the second valve is 
biased in the closed position. 

5. The device of claim 1, Wherein the holloW body 
includes integrated heating elements. 

6. The device of claim 1 further comprising a third valve 
disposed in the inlet, the third valve being a one-Way 
pressure sensitive valve. 

7. The device of claim 1, Wherein the collection reservoir 
is detachably af?xed to the holloW body. 

8. A method for collecting alveolar breath comprising: 

expiring breath into a holloW body through an inlet and 
out of the holloW body through a ?rst valve disposed in 
a ?rst outlet; 

monitoring a concentration of a speci?c gaseous compo 
nent of the breath to determine When alveolar breath is 
present in the holloW body; 

actuating a second valve disposed in a second outlet of the 
holloW body to an open position When alveolar breath 
is present in the holloW body to divert the alveolar 
breath out of the holloW body and into a collection 
reservoir. 

9. The method of claim 8, Wherein the concentration of 
the speci?c gaseous component is compared to a predeter 
mined threshold concentration to determine When alveolar 
breath is present in the holloW body. 

10. The method of claim 8, Wherein the ?rst valve 
comprises a pressure sensitive valve. 

11. The method of claim 8, Wherein the second valve is 
biased in the closed position. 
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12. The method of claim 8, Wherein the collection reser 
voir is detachably af?xed to the holloW body. 

13. The method of claim 8 further comprising heating the 
holloW body to prevent condensation of the expired breath 
in the holloW body. 

14. A method for collecting alveolar breath comprising: 

expiring breath into a holloW body through an inlet and 
out of the holloW body through a ?rst valve disposed in 
a ?rst outlet; 

taking successive absorption measurements of a speci?c 
gaseous component of the breath in the holloW body; 

determining When alveolar breath is present in the holloW 
body from the successive absorption measurements; 

actuating a second valve disposed in a second outlet to an 
open position When the alveolar breath is present in the 
holloW body to divert the alveolar breath out of the 
holloW body and into a collection reservoir. 

15. The method of claim 14, Wherein determining When 
alveolar breath is present in the holloW body includes 
determining a concentration of the speci?c gaseous compo 
nent from the successive absorption measurements and 
comparing the concentration to a predetermined threshold 
concentration. 

16. The method of claim 14, Wherein the ?rst valve 
comprises a pressure sensitive valve. 

17. The method of claim 14, Wherein the second valve is 
biased in the closed position. 

18. The method of claim 14, Wherein the collection 
reservoir is detachably af?xed to the holloW body. 

19. The method of claim 14 further comprising heating 
the holloW body to prevent condensation of the expired 
breath in the holloW body. 

* * * * * 


